he distribution of fish larvae near coral reefs can be influenced by physical and biological factors. This paper aims to determine the influence of some ecological features of adult fish on the distribution of their larva stages at offshore and inshore sites. The spawning mode of the adults, their habitats and the depth of water column at which they live were investigated. Fish larval were collected from Hurghada by plankton net of 0.5 mm mesh size from January to December 2005. The Chi square test showed that the distribution of fish larvae in the area was dependent on the spawning mode and neither on the adult habitat nor the depth they live at. The analysis of variance ANOVA indicated that the distribution of larvae of pelagic fishes was significantly different between offshore and inshore sites. The study has provided further information on the distributional patterns of the larvae of coral reef fishes that help to understand the interrelationships among fish species during their larval stages.
INTRODUCTION
Most marine fishes, regardless of their systematic affinities, demersal or pelagic habits, coastal or pelagic distribution, tropical or boreal ranges have pelagic larval stages (Moser et al., 1984) . The understanding of where these stages spend their time is basic to all other studies on the pelagic stages. The traditional view that fish larvae are essentially passive plankton whose distribution is entirely dependent on currents has largely been discarded. Recently, review of reef fish biology has emphasized the importance of understanding the early life history of fishes in order to progress in ecological studies and management of the very complex and diverse coral reef community.
Ecological information on the distribution of larval fishes from field studies is limited because of taxonomic problems and the ecological studies of the larvae of reef fishes have been done very recently. Distribution of fish larvae T in the coral reef has received more attention than any other aspect of their biology because the distribution is probably easily studied for the pelagic stage at least for smaller larvae (Leis, 1991a) . The distribution of fish larvae can be determined by spawning behavior and spawning grounds of the adult, topography of the reef, duration of larval period, behavior of the larvae and their growth and mortality (Cushing, 1990; Leis, 1991a; Lazzari, 2001; Montgomery et al., 2001; Leis et al., 2006) . The distribution of fish larvae can also be influenced by environmental factors including temperature and salinity (Houde and Zastrow, 1993; Hernandez-Miranda et al., 2003) . The degree of larval dispersal affects the connectivity between reef fish populations and their dynamics. Small-scale studies on larval spatial distributions can give important information about possible retention mechanisms near adult habitat. Moreover, the study of small-scale temporal patterns of variation in the composition of assemblages can be used to determine the duration of the breeding seasons and dynamics of recruitment patterns of coastal species. Habitat selection of reef fish larvae at settlement is one of the mechanisms proposed to explain spatial patterns in the distribution of fishes and the corresponding spatial structure of the communities (Leis, 1991b) . Larval fish assemblages in nearshore waters are complex, both in terms of species composition and patterns of distribution (Sponaugle et al., 2002) . The structural complexity of coral reefs provides a variety of habitats, most of which support fish larvae. Coral reefs in the Indo-Pacific area including the Red Sea have a complex topography, hydrography and biota (Leis, 1991a) .
The present study aimed at investiging the influencing of different ecological niches; habitat of the adults, the depth at which the adult lives and the spawning mode of the adult in the spatial distribution of coral reef fish larvae at Hurghada in the Egyptian Red Sea.
MATERIAL AND METHODS Study area:
The study area at the northern part of Hurghada; on the Egyptian Red Sea was divided into inshore and offshore sites (Fig. 1 ). The inshore site was located in the front of the Marine Biological station, about 5 km north to Hurghada city. It is located at 27º 17' 6"N and 33º 46' 22"E. The offshore site is located near the Giftun Islands, about 10 km away from Hurghada. It is located at 27º 13' 22"N and 33º 55' 40"E. Average of inshore and offshore sites were used during this study.
Sampling and preservation:
Ichthyoplankton samples were taken monthly from January to December 2005, using a 50 cm mouth diameter and 0.5 mm mesh size plankton net, provided with a flowmeter to calculate the volume of water filtered. Nets were towed horizontally at 1 m depth near the reef edge with a towing duration of 10 minutes and a towing speed of 1.5 knots. Samples were taken in the early morning just before sunrise and preserved on board in 5% buffered formalin seawater. Three replicates were taken and the mean abundance and mean volume of water filtered were calculated. The volume of water filtered ranged from 64 m 3 to133 m 3 . Densities of fish larvae were standardized to 1000 m 3 of water. Fig.1 . Map of the Red Sea and the study area showing the inshore and the offshore.
Laboratory procedures:
The samples were sorted and examined under an Olympus SZX7 stereomicroscope and then identified to the highest possible taxonomic level. The Identified taxa were categorized according to the spawning mode of the adult, the habitat of the adult, and the depth at which the adult lives. Larvae were divided according to the spawning mode of their adults into larvae from pelagic spawners, larvae from demersal spawners, larvae from brooders and larvae from live-bearers. Classification of the identified larvae into pelagic spawners, demersal spawners, brooders, and live bearers followed Brogan (1994) . Based on the habitat of the adults, larvae were categorized into shorefishes (reef fishes and non-reef) and oceanic fishes. They were divided into larvae of pelagic fishes, larvae of demersal fishes and larvae of benthic fishes, according to the depth in the water column.
Data analysis:
The univariate statistics were done in SPSS v.15.0, using ANOVA to determine differences in the numbers of individuals and number of species between months and sites. All data were tested for homogeneity of variance and where the samples were not homogeneous, data were either logarithmically or square root transformed or the non-parametric Kruskal- (Zar, 1996; Dytham, 2003) . The chi-square of the SPSS v.15.0 was used to test the hypothesis that the site and the studied niches in a crosstabulation were independent. RESULTS A total of 1799 larvae were collected from offshore and inshore sites, representing 63 taxa of 44 families belonging to 16 orders. Most larvae could be identified to different taxonomic levels; 27 taxa were identified to species, 17 taxa to genus and 19 taxa as family. These taxa were divided to three ecological niches which are expected to influence their distribution. These niches included the adult spawning mode, the adult habitat and the adult depth (Table 1) . 
Spawning mode
Larvae of demersal spawners were the most abundant of all categories; forming 64.5% of all collected larvae, with an abundance of 383/1000m 3 . Larvae of pelagic spawners were the second most abundant, forming 35% with an abundance of 201.5/1000m 3 (Fig. 2a ). Although demersal spawners were highly abundant, they were represented by fewer taxa (22), than the pelagic spawners (36) (Table1). Brooders and live-bearers were weakly represented by 4 taxa and 1 taxon forming 1.2 and 0.3%, respectively (Table 1) . Larvae from demersal spawners dominated the inshore sites, with 15 taxa compared to 12 pelagic taxa. On the contrary, larvae from pelagic spawners dominated the offshore sites with 27 taxa compared to 12 demersal taxa. The most abundant inshore species from pelagic eggs was Gerres oyena which was completely absent from offshore sites. Larvae from brooders were more abundant in the inshore sites (16%) than in the offshore sites (4%) (Figs. 2b, c) . Brooders were represented by cardinalfishes, Apogon taeniatus and Cheilodipterus quinquelineatus, and seahorse Hippocampus sp. and live bearers were represented by the bythitid Dinematichthys iluocoeteoides.
The low significance value (< 0.05) indicates that there may be some relationship between the spawning mode of the adults and the distribution of the larval stages. The analysis of variance (ANOVA) indicated that the distribution of larvae from pelagic eggs varied significantly between inshore and offshore sites whereas those from the demersal eggs did not show any significant difference 
Habitat

Adult habitat
Larval taxa Offshore Inshore According to the adult habitats, fish larvae were divided into mesopelagic (oceanic) fishes and shore fishes, which have been in turn divided into reef fishes and non-reef fishes. Larvae of shorefishes were represented by 61 taxa, belonging to 42 families of which 36 families, including 52 taxa, were coral reef fishes. Larvae of coral reef fishes dominated the collection, with an abundance of 431 larvae/1000m 3 , constituting 72% of all collected larvae (Fig.  3a) . They were more abundant at the inshore sites than the offshore sites with abundance of 238 larvae/1000m 3 compared to 193 larvae/1000m 3 in the offshore sites (Table2). Despite the lower abundance of reef fish larvae in the offshore sites, more taxa were taken. Larvae of 35 taxa of reef fish were collected from the offshore sites in comparison to larvae of 25 taxa at the inshore sites (Table  2) . Table ( 2). Species composition, abundance, and number of taxa in different adult habitats at offshore and inshore sites.
Larvae of 5 taxa of non-reef fishes forming 17% of all larvae were collected from all sites with a total abundance of 99.6 larvae/1000m 3 . They were more dominant at the inshore than the offshore sites, with abundance of 55 larvae/1000m 3 and 44.6 larvae/1000m 3 , respectively. The number of taxa (5) was the same in inshore and offshore sites (Figs. 3b,c) . Mesopelagic fish larvae formed 11% of all recorded larvae, with a total abundance of 63.1 larvae/1000m 3. They were more abundant offshore (60.3 larvae/1000m 3 ) than inshore (2.8 larvae/1000m 3 ). In general, as indicated by the higher value (> 0.05) of the Chi square test, there was no relationship between location of the larvae and habitats of their adults.
Depth (Habits)
Larvae of the pelagic fishes were the most abundant with a total abundance of 45.6 larvae/1000m 3 ; followed by larvae of demersal fishes (215.8). Larvae from benthic fishes had the lowest abundance (132) (Fig. 4) . Despite their high abundance at offshore sites, pelagic fish larvae were represented only by 9 taxa. They were more abundant at offshore than inshore sites. Demersal fish larvae were more abundant at inshore sites (142.7 larvae/1000m 3 ) than offshore sites (73 larvae/1000m 3 ). They were represented by larvae of 37 taxa of which 23 taxa were taken at offshore and 16 taxa were taken at inshore sites. Two taxa, Mulloides flavolineatus and Enneapterygius sp. were collected at offshore and inshore. Benthic fishes showed the lowest abundance. Larvae of Gobiidae and Blennidae were good representatives of the 12 benthic taxa recorded during the study (Table 3) . Table ( 3). Species composition, abundance, and number of taxa in different categories of adult depth at offshore and inshore sites.
DISCUSSION
Measuring the dispersal of fish larvae is considered as the greatest challenge facing marine ecologists and managers (Jones et al., 2005) . Larval distribution depends on a complex interaction between biological and physical factors that can strongly modify the distribution and abundance of larval stages (Harris et al., 1999) . The distribution of fish larvae can be determined by spawning behavior of their adults, hydrography and topography of the reef, duration of larval period, behavior, growth and mortality of the larvae (Cushing, 1990; Leis, 1991a; Montgomery et al., 2001; Leis et al., 2006) . The present study deals with the influence of some ecological niches of adults on the distribution of their larval stages.
The current study has shown that there were two assemblages of larvae with different distributions; inshore and offshore assemblages. The inshore assemblage was composed mainly of larvae of demersal spawners while the offshore assemblage composed mainly of larvae of pelagic spawners. This result is in a full agreement with findings of Leis (1982) ; Smith et al. (1987) ; Clarck, (1991); Suthers & Frank (1991) ; Leis & McCormic (2002) ; Paris and Cowen (2004) . Brogan (1994) noted that larvae from demersal spawners are used to measure the larval retention. Leis (1978 Leis ( , 1982 showed that, the dominance of larvae of demersal species nearshore was due to a few species. In the present study, the high abundance of larvae of demersal spawners was due to the high larval density of families with demersal eggs such as Atherinidae and Clupeidae. Larvae of Atherinomorus lacunosus (Atherinidae) and Spratelloides delicatulus (Clupeidae) were very highly abundant at inshore and offshore sites, with a total abundance of 113/1000m 3 and 72/1000m 3 respectively.
Demersal spawners attach their eggs to corals, rocks or floating objects and some fishes (damselfishes and gobies) show parental care. They prefer the shallow, rocky, inshore areas near to the adult habitat (Azeiterio et al., 2006) . This may explain the high diversity of demersal spawners at the inshore sites than the offshore sites in the present study. Larvae of 35 taxa were derived from pelagic spawners and larvae of 25 taxa came from demersal spawners. Most fishes on the reef are pelagic spawners (Leis, 1991) ; forming 78% of all fishes on the reef whereas that of demersal spawners form 14% of all reef fishes in the Red Sea. In the current work the low significance value (< 0.05) indicates that the spawning mode of the adults influenced the distribution of the larval stages. This coincides with the finding of Montgomery et al. (2001) and Leis et al. (2006) that the distribution of larval stages can be determined by the spawning mode of the adults.
In the present work, the identified larvae were classified according to the adult habitat into reef, non reef and mesopelagic fish larvae. The larval fish assemblages in tropical waters are derived from spawning activities of reef fish and mesopelagic fishes (Ahlstrom, 1971; 1972; Leis & Goldman, 1987) . Coral reef fish larvae dominated samples from inshore (35 taxa, 83%) and offshore (25 taxa, 80.6%), although they were more diverse offshore. However, larvae of some important reef fish taxa were absent inshore and offshore. Brogan (1994) concluded that the absence of coral reef fish larvae offshore may be due to the short duration period of larvae of some taxa. Leis (1987) stated that larvae of some reef fish such as serranid and lutjanid were rare or totally absent because they are deep in the water column. Most notably, larvae of some families of reef fishes are missing inshore although they are abundant as adults. Despite the high abundance and diversity of Acanthuridae, Chaetodontidae, Scaridae, and Pomacanthidae as adults in the inshore area, their larvae were totally absent. The absence of larvae of some reef fishes inshore was also reported in other studies (Miller, 1974 (Miller, , 1979 Watson & Leis, 1974; Young et al., 1986; Leis, 1994) . Hence, the inshore larval assemblages may not be fully representative of the adult fish assemblage. The dispersal of larvae from the reef may be one reason for the absence of these larvae.
Of the non-reef fishes, larvae of the clupeid Spratelloides delicatulus, and the hemirhamphid Hyporhamphus gambrur, were dominant. The most common of the non-reef fish was Spratelloides delicatulus that formed 11% of all collected larvae. Larvae of mesopelagic fishes were abundant near the coral reef, which is in agreement with the findings of Leis (1991) , who concluded that mesopelagic larvae may be drifted to the reef by water currents. Two mesopelagic species, V. mabahiss and B. pterotum, forming 5% and1% of larvae collected, were recorded. The analysis of variance showed that the distribution of the mesopelagic species, Benthosema pterotum and Vinciguerria mabahiss varied significantly between inshore and offshore sites. Larvae of Benthosema pterotum larvae were totally absent at the inshore sites. Among the mesopelagic fishes whose larvae were absent from the present study was the family Scombridae that includes tunas.
The influence of where the adult fish lives in the water column on the distribution of larval stages is poorly studied. This study aimed to investigate whether the distribution of larvae can be related to the depth in the water column where their adults live. Although demersal and benthic fishes formed about 85% of all fishes in the Red Sea (Goren & Dor, 1994) , their larvae were less abundant than that of the pelagic fishes. Larvae of the pelagic fishes can be drifted to the reef areas by current (Leis, 1991a) . The most common pelagic fishes in the area of study were of family Clupeidae that constituted 11% of all larvae collected. Larvae of family Blennidae (benthic fishes) were also abundant in the shallow water at inshore area. Azeiterio et al. (2006) concluded that blennid larvae are more abundant at shallow areas inshore where they prefer to remain near intertidal shore adult habitat. The Chi square value (>0.05) showed that the distribution of the larvae was independent on the depth at which their adults live.
It can be concluded from the present data that the distribution of the larvae near coral reefs at Hurghada may be dependent on the spawning mode of their adults but not on the other studied ecological issues.
Although distribution of fish larvae in the coral reef has received more attention than any other aspect of their biology, it is not yet fully understood. Good understanding of the physical processes in the area of investigation as well as the biological processes is urgently required. Physical studies are very expensive and are always ignored by biologists (Leis, 1991a) . This study has provided further information on the distributional patterns of the larvae of coral reef fishes that help to understand the interrelationships among fish species during their larval stages. However, further studies are required to understand the patterns of dispersal of fish larvae in the area in relation to the other biological and physical factors.
